We argue that cosmic censorship is violated in the collision of two black holes in high spacetime dimension D when the initial total angular momentum is sufficiently large. The two black holes merge and form an unstable bar-like horizon, which grows a neck in its middle that pinches down with diverging curvature. When D is large, the emission of gravitational radiation is strongly suppressed and cannot spin down the system to a stable rotating black hole before the neck grows. The phenomenon is demonstrated using simple numerical simulations of the effective theory in the 1/D expansion. We propose that, even though cosmic censorship is violated, the loss of predictability is small independently of D.
quanta can be present. Therefore, (assuming that quantum gravity does indeed effect the break up) the classical evolution will resume after a few Planck times with hardly a loss of predictability: the trajectories of the ejected black holes can be determined, up to errors that are small in the ratio of the Planck mass to the black hole mass, by the state of the system up to the moment of break up. If this picture is correct, then, even if CC is violated, its spirit remains unchallenged: classical relativity describes the physics seen by observers outside the black holes accurately, with only minimal quantum input that does not entail macroscopic disruptions.
We will demonstrate the phenomenon just described in black hole collisions in a large enough number of dimensions D (necessarily larger than four, as we will see) using the 1/D expansion within the framework recently developed in [6] . Although this does not allow us to capture the moment when the singularity forms (a regulator is always present), it does show that (a) an elongated horizon forms in the collision, and (b) this configuration grows a neck and pinches in its middle. Adding to this the evidence [3, 9] that a pinch of this kind leads to diverging curvature, we obtain a compelling picture for a generic violation of CC in large enough D. In a forthcoming article we will present further details and extensions of the calculations discussed here [10] .
Method. In the approach of [6] to the physics of large-D black holes, these appear as spheroidal blobs on the horizon of a thin black brane. These blobs not only account correctly for the mass, entropy, and angular momentum of stationary Myers-Perry (MP) black holes in the limit D → ∞: they can also be set in linear motion by a boost, and when perturbed, their vibrations reproduce with accuracy the quasinormal modes of the black hole, axisymmetric or not. The presence of the thin black brane does not affect these properties of single black holes, but acts as a regulator when two black holes either touch or split apart: the horizons never actually merge nor break up, but are always continuously joined by the thin black brane. This feature allows us to follow the entire evolution of the system. These black-hole blobs evolve according to the equations for the large-D effective dynamics of a neutral black brane. As shown in [11, 12] , any solution of
where MP black holes correspond to gaussian profiles for m, which become broader as their spin increases (a gaussian describes the area density of a large-dimensional sphere, see [6] ). At low spin all the quasinormal modes of the solutions are stable, but when the spin reaches a critical value, a 'bar-mode' instability appears, similar to those present in neutron stars, in which the horizon lengthens along one axis and shrinks along the transverse one. Ref. [6] found an exact non-linear solution of (1) cated already by the universal nature of quasinormal modes of high frequencies O (D/r 0 ) [13, 14] . The most interesting part of the dynamics is the one accurately captured by eqns.
(1) (which provide the non-linear theory of the "featureful" quasinormal modes of frequency O (1/r 0 )), i.e., the evolution of the merged horizon.
We solve numerically the evolution equations by discretizing the spatial directions in a square domain with periodic boundary conditions. We have used two independent codes, with equivalent results: one is written in the Julia language [15] and the other one in
Mathematica. The Julia code uses a two-dimensional Fourier grid with FFT differentiation in the spatial directions, and the DifferentialEquations.jl package [16] for time integration.
The Mathematica code uses finite-difference differentiation in the spatial directions and a fourth-order Runge-Kutta method in the time direction.
Results. We have performed numerical simulations of collisions with different initial velocities and impact parameters for the colliding black holes. Since there is no gravitational radiation, the total angular momentum J is conserved throughout the evolution, which we have checked in our numerics. We have found that, for a large range of initial velocities and impact parameters, the value of J is enough to predict the final state of the system, according to the stationary configurations that exist with that J: rotating MP black hole or black bar, stable or unstable. This is shown in Fig. 1 .
That is, for collisions with J < 2 we obtain final states that correspond to MP black holes, which are the only stationary and stable phases in this range. For larger J the MP black holes are unstable to bar formation and correspondingly we do not find these anymore as final states in our simulations. Instead, for 2 < J < J c = 4/ √ 3 ≈ 2.31 the final states are stable black bars. The critical value J c is given by the reflection-symmetric marginal mode of the bars found in [6] , which marks the beginning of the unstable region for the black bars that can be formed in our simulations. For values of J slightly larger than J c the bars are long-lived, and we do not observe their breaking in our numerics.
However, for J sufficiently high, the bars do split-more specifically, we observe this for J 2.43 for running times of order t ∼ 10 (in units of M = 1). These bars break after two turns or less, and the intermediate configurations can resemble more an evolving dumbbell, whose life-time decreases with J, than a quasi-stationary bar.
In Fig. 2 we show snapshots of the time evolution of a collision that yields CC violation.
After the breaking, the two pieces of the bar fly apart and quickly settle into boosted MP black holes. Going to their rest frame, we observe that their approach to equilibrium is governed by the lowest-lying quasinormal mode computed in [6] . The final black holes have the same mass as the initial ones, and non-zero spin, but the total horizon area does not decrease in the process since when D → ∞ the black hole area is not affected by its spin. Let us also note that putting non-zero intrinsic spin on the initial black holes allows to demonstrate the formation of the long-lived bar and its subsequent instability in collisions with very small impact parameter [10] .
Discussion. These results show that the evolution of the system for large enough J forms a neck that quickly pinches down. Although our methods only allow to follow the evolution into regions of curvature smaller than O (D), the evidence from [3, 9] , and indeed what our simulations suggest, is that the horizon pinches off to zero size, leading to a violation of CC.
The combination of these lines of argument converges on the physical account described in the introduction. However, since we have worked in the leading order of the 1/D expansion, we must discuss effects that may arise at finite D, and the ensuing caveats for the picture we propose.
It is known that in the black string instability there exists a critical dimension D * 13.6 [17, 9] such that when D > D * , weakly non-uniform black strings are dynamically stable. However, this does not imply that non-uniform black bars become stable above a critical dimension. Metastable, slightly 'bumpy' black bars for angular momenta in a narrow range above J c are consistent with the very long-lived phases that we observe for these spins. However, these are unlikely to persist at higher J; in contrast to black strings and black holes in a compact circle, there is nothing to prevent the centrifugally-driven separation between the two blobs that form in the instability and then fly apart. Moreover, it has been shown in [9] that in any finite D, the black string instability for thin enough black strings does not end in highly non-uniform black strings but rather proceeds towards pinch-off. In our collisions, black bars with large enough J are analogous to these thin black strings and therefore we expect that they also evolve towards pinch off in any finite D (provided radiation emission is subdominant, see below). The centrifugal force will in fact drive the system more quickly towards pinch-off than in black strings. Observe also that, although the regulator cannot be smoothly removed in this construction, its presence is irrelevant in the formation of an intermediate bar-like configuration that becomes unstable, which is the main result of these simulations.
Another caveat is that the size of the region of the horizon that is captured in the effective theory of (1) More important are the consequences of non-perturbative corrections in 1/D. Of these, the loss of angular momentum through the emission of gravitational radiation is the main mechanism that opposes the instability: if the rate at which the angular momentum of the bar is shed off is faster than the instability growth, then the black bar may spin down to a stable MP black hole before the neck has time to form and pinch down. We have used the D-dimensional quadrupole formula [7] to estimate the characteristic time scale τ rad = ∂ t ln(J/M) of the radiative spin-down of a rotating ellipsoidal bar. We have then compared it to the shortest characteristic time τ inst for the growth of the GregoryLaflamme instability of a black string of the same mass as the black bar. The radiation damping time is longer at large D by a strong factor,
indeed so much so that our more accurate estimate suggests that already when D 7 the spin-down may be much too slow to prevent the contraction of the neck [10] . Intermediate black bar states are in fact plausible only in D ≥ 6, since only in these dimensions does the MP black hole have linear bar-mode instabilities [18] (however, see [19] ). These bar-modes have been followed non-linearly in D = 6, 7, 8 and they return back to a stable black hole through radiation emission [20] . However, their long lifetime suggests that their angular momentum is not large enough to reach the unstable regime of black bars (moreover, the horizons in [20] do not result from a collision merger). Our estimates are uncertain, but the suppression of radiation with increasing D is so strong that we find it hard to envisage how the spin-down could be efficient in, say, D ≈ 10 or possibly even lower dimensions.
At any rate, although at present it is difficult to obtain a more precise estimate, we are confident that our analysis supports the conclusion that the violation of CC proposed here will be present in a high but finite D.
